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a  b  s  t  r  a  c  t
In emerging  countries,  nonunion  in  the  shaft  of  fractured  long  bones  is  common.
Patients and  methods:  In a 3-year  long  prospective  study,  50 patients  (38 men, 12  women)  with  an
average  age  of  40.9  years  (range  17–60)  were  treated  for  neglected  diaphyseal  nonunion  an average  of
11 months  (range  6–48)  after  the  fracture  event.  The  femur  was  involved  14  times,  tibia  22 times,  humerus
eight  times  and  forearm  bones  six times.  All  of these  patients  had  consulted  initially  with  a  traditional
bone  setter  at the  time  of  fracture.  The  surgical  procedure  consisted  of osteoperiosteal  decortication
followed  by  repermeabilization  of  the  medullary  canal  and  then  internal  ﬁxation.  Compression  plating
was  used  for  the  humerus,  radius  and  ulna.  Nonunion  of  the  middle-third  of  the femur  and  tibia  was
treated  by intramedullary  nailing  and  nonunion  of the proximal  third  of the  femur  with  an  inverted
DCS® screw-plate.  Patients  were  reviewed  clinically  and  with  X-rays  on  postoperative  days  21,  45,  90
and  120.
Results: Bone  union  was  obtained  in  under  90 days  in  the upper  limb  and  under  120  days  in the  lower
limb.  No  additional  grafting  was  needed.  There  were  only  two  cases  of  leg  length  differences.
Discussion:  Osteoperiosteal  decortication  is  a reliable  technique  that  leads  to predictable,  satisfactory
results,  given  the  limited  materials  required  to treat  long  bone  nonunion  in  emerging  countries.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Mid-shaft long bone fractures are a common injury that have
ood outcomes when properly treated [1,2]. Unfortunately, many
f these fractures are neglected in emerging countries, which leads
o nonunion or malunion [3–5]. Challenges associated with treating
onunions are related to obtaining bone union, restoring alignment
nd leg length, along with range of motion in joints above and below
he fractured bone. Our preferred surgical technique is the osteope-
iosteal decortication method described by Judet et al. [6]. Although
his technique has been in use for a long time, it is indispensable
n emerging countries, as long as strict technique is used to create
edicled grafts at the nonunion site.We performed a prospective study in 50 patients with nonunion
ue a neglected diaphyseal long bone fracture who were treated by
steoperiosteal decortication and ﬁxation. The primary objectives
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.were to evaluate the time to union and rate of union; the secondary
objectives were to evaluate the range of motion and restauration
of function in the affected limb.
2. Patients and methods
From February 2010 to March 2013, 50 patients (38 men, 12
women; average age 40.9 years, range 17 to 60 years) were treated
for nonunion in the shaft of a long bone (Fig. 1). The injury mecha-
nism was a trafﬁc accident in 47 patients and a fall from an elevated
height in three patients. None of the patients were initially provided
with casting or ﬁxation at the time of the fracture event. Each had
been treated locally by a person other than a physician.
An average of 11 months (range 6–48 months) passed between
the fracture event and surgical care. The femur was involved 14
times (including two  subtrochanteric nonunions), tibia 22 times,
humerus eight times and forearm bones six times. The nonunion
was hypertrophic in 21 cases and atrophic in 29 cases.
All of the patients had abnormal motion at the nonunion site.
Every patient with nonunion in the lower limb had a leg length
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iscrepancy (shortening) due to overlap and angulation that aver-
ged 4 cm (range 3–8 cm)  at the femur and 1 cm (range 0.5–2 cm)
t the lower leg. One patient had malunion in the middle third of
is tibia along with nonunion in the proximal third (Fig. 2). X-rays
ere taken in every patient: A/P and lateral views of the bone in
uestion along with the joints above and below it.
The surgical procedure was always performed by the same
eam and followed the same protocol with a traction table. After
xposing the nonunion site and then applying gradual and con-
inuous traction, osteoperiosteal decortication was performed [6]
ith repermeabilization of the medullary canal followed by inter-
al ﬁxation. Fixation consisted of a self-compressive screw plate
or the humerus, radius and ulna, intramedullary (IM) nailing with
 Küntsher nail for mid-shaft nonunion of the femur or tibia and
n inverted dynamic condylar screw (DCS®, Synthes) for nonunion
f the proximal third of the femoral shaft (Fig. 3). Autologous
one graft material was not added to the nonunion site. The joints
bove and below the fracture site were mobilized at the end of
he procedure while the patient was still anesthetized, except fornonunion; c, d: elbow range of motion 21 days postoperative.
pronation-supination movements. Postoperative care consisted of
prophylactic antibiotics (2 g ceftriaxone daily for three days) and
enoxaparin sodium (4000 IU/day) to prevent blood clots in patients
with lower limb nonunion.
Unloaded walking was  initiated on day 2 for subtrochanteric
nonunions and with partial weight-bearing for mid-shaft
nonunions of the leg treated by IM nailing. Immediate joint
movement was  allowed. Patients were reviewed clinically and
with X-rays on postoperative days 1, 21, 45, 90 and 120. The quality
of bone union, residual leg length difference, recovery of limb
function and restoration of joint range of motion were evaluated.
3. Results
Study results are given in Table 1. There were no intraoper-
ative or postoperative complications. The average time to union
was less than 90 days for upper limb nonunion cases and less than
90 days for lower limb nonunion cases. There were two cases of
residual leg length discrepancy: one was  2 cm after resolution of
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Table 1
Current study.
Patient Gender Age (years) Location Type of nonunion Time to surgery
(months)
Type of ﬁxation Length of
hospital stay
(days)
Time to union
(months)
Joint ROM Leg length
difference (cm)
Satisfaction
Pre-op Post-op
1 Male 29 Subtrochanteric Atrophic 8 DCS 9 120 Normal 8 2 Very satisﬁed
2  Male 53 Tibia Atrophic 6 IM nailing 5 120 Normal 0.5 0 Very satisﬁed
3  Male 46 Femur Hypertrophic 7 IM nailing 6 120 Normal 3 0 Very satisﬁed
4  Female 49 Humerus Atrophic 6 Compression plating 4 90 Normal Very satisﬁed
5  Male 42 Femur Atrophic 9 IM nailing 6 120 Normal 4 0 Very satisﬁed
6  Female 50 Tibia Atrophic 6 IM nailing 5 120 Normal 1 0 Very satisﬁed
7  Male 60 Femur Hypertrophic 18 IM nailing 6 120 Normal 3 0 Very satisﬁed
8  Male 31 Femur Hypertrophic 11 IM nailing 6 120 Normal 3 0 Very satisﬁed
9  Male 44 Humerus Atrophic 6 Compression plating 4 90 Normal Very satisﬁed
10  Female 51 Tibia Hypertrophic 18 IM nailing 5 120 Normal 2 1.5 Very satisﬁed
11  Male 39 Humerus Atrophic 15 Compression plating 4 90 Normal Very satisﬁed
12  Female 27 Tibia Hypertrophic 24 IM nailing 5 120 Normal 1.5 0 Very satisﬁed
13  Male 23 Subtrochanteric Atrophic 6 DCS 7 120 Normal 5 0 Very satisﬁed
14  Female 31 Tibia Atrophic 12 IM nailing 5 120 Normal 0.5 0 Very satisﬁed
15  Male 38 Humerus Atrophic 7 Compression plating 4 90 Normal Very satisﬁed
16  Male 37 Femur Hypertrophic 16 IM nailing 6 120 Normal 4 0 Very satisﬁed
17  Male 17 Tibia Atrophic 9 IM nailing 5 120 Normal 1 0 Very satisﬁed
18  Female 29 Radius and ulna Atrophic 6 Compression plating 4 90 Pronation-supination deﬁcit Very satisﬁed
19  Male 43 Tibia Hypertrophic 14 IM nailing 5 120 Normal 1 0 Very satisﬁed
20  Male 39 Femur Hypertrophic 7 IM nailing 6 120 Normal 5 0 Very satisﬁed
21  Male 23 Radius and ulna Atrophic 6 Compression plating 4 90 Pronation-supination deﬁcit Very satisﬁed
22  Male 56 Tibia Atrophic 6 IM nailing 5 120 Normal 1 0 Very satisﬁed
23  Female 48 Humerus Atrophic 9 Compression plating 4 90 Normal Very satisﬁed
24  Male 42 Tibia Hypertrophic 10 IM nailing 5 120 Normal 1.5 0 Very satisﬁed
25  Male 32 Femur Hypertrophic 6 IM nailing 6 120 Normal 4 0 Very satisﬁed
26  Male 27 Radius and ulna Atrophic 12 Compression plating 4 90 Pronation-supination deﬁcit Very satisﬁed
27  Male 53 Tibia Hypertrophic 7 IM nailing 5 120 Normal 1 0 Very satisﬁed
28  Male 41 Tibia Atrophic 6 IM nailing 5 120 Normal 1 0 Very satisﬁed
29  Female 49 Tibia Atrophic 7 IM nailing 5 120 Normal 1.5 0 Very satisﬁed
30  Male 59 Tibia Atrophic 8 IM nailing 5 120 Normal 1 0 Very satisﬁed
31  Male 35 Femur Hypertrophic 24 IM nailing 6 120 Normal 3 0 Very satisﬁed
32  Male 51 Tibia Hypertrophic 6 IM nailing 5 120 Normal 1 0 Very satisﬁed
33  Female 45 Humerus Atrophic 48 Compression plating 4 90 Normal Very satisﬁed
34  Male 39 Tibia Atrophic 18 IM nailing 5 120 Normal 1 0 Very satisﬁed
35  Male 32 Femur Hypertrophic 7 IM nailing 6 120 Normal 3 0 Very satisﬁed
36  Male 52 Tibia Hypertrophic 6 IM nailing 5 120 Normal 1.5 0 Very satisﬁed
37  Male 23 Humerus Atrophic 6 Compression plating 4 90 Normal Very satisﬁed
38  Female 38 Tibia Hypertrophic 7 IM nailing 5 120 Normal 1 Very satisﬁed
39  Male 41 Tibia Atrophic 9 IM nailing 5 120 Normal 1.5 0 Very satisﬁed
40  Male 36 Femur Hypertrophic 6 IM nailing 6 120 Normal 4 0 Very satisﬁed
41  Male 54 Radius and ulna Atrophic 8 Compression plating 4 90 Pronation-supination deﬁcit Very satisﬁed
42  Male 60 Humerus Atrophic 9 Compression plating 4 90 Normal Very satisﬁed
43  Male 57 Tibia Hypertrophic 12 IM nailing 5 120 Normal 1 0 Very satisﬁed
44  Male 34 Radius and ulna Atrophic 18 Compression plating 4 90 Pronation-supination deﬁcit Very satisﬁed
45  Female 37 Femur Hypertrophic 7 IM nailing 6 120 Normal 3 0 Very satisﬁed
46  Male 41 Tibia Atrophic 24 IM nailing 4 120 Normal 1 Very satisﬁed
47  Male 46 Tibia Hypertrophic 16 IM nailing 4 120 Normal 0.5 Very satisﬁed
48  Female 35 Radius and ulna Atrophic 6 Compression plating 3 90 Pronation-supination deﬁcit Very satisﬁed
49  Male 25 Tibia Hypertrophic 18 IM nailing 5 120 Normal 0.5 0 Very satisﬁed
50  Male 56 Femur Atrophic 7 IM nailing 5 120 Normal 4 0 Very satisﬁed
DCS: dynamic condylar screw; IM nailing: intramedullary nailing.
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ng;  note the bone chips; c: X-rays after bone union.
ubtrochanteric nonunion and the other was 1.5 cm after resolution
f lower leg nonunion. The range of motion in the joints above and
elow the nonunion site was normal in every case (Fig. 2) except
or limited pronation-supination after consolidation of nonunion
n the forearm bones. All of the patients had returned to work and
ere very satisﬁed with the outcome of the treatment.
. Discussion
The treatment of fresh fractures of the shaft of a long bone is well
eﬁned and very often surgical [1,2]. In cases of nonunion, surgical
reatment is absolutely necessary [7]. Several surgical techniques
ave been described [8–10]. In some cases, these techniques are
ombined with bone induction methods [11–13].ctional results at 120 days postoperative.
Treatment of nonunion in cases of signiﬁcant shortening is
a treatment challenge because of the problems associated with
simultaneously correcting the shortening and alignment defect.
Traction of the limb is transmitted to the soft tissues and can lead
to nervous and vascular complications [14,15]. In this series of ini-
tially neglected fractures, the leg was  lengthened in patients with
diaphyseal or subtrochanteric femur nonunions during the surgi-
cal procedure by applying gradual traction on the traction table.
Complications in the genital and perineal area have been reported
secondary to use of a traction table [16]. In the current study, up
to 6 cm of lengthening was  achieved without nervous or vascular
complications in patients with subtrochanteric nonunion.
Bone grafting was not carried out in the current study.
The decortication procedure brings cortical bone chips into the
nonunion site that act as pedicle grafts, thereby playing the
role of an autograft. The osteoperiosteal decortication procedure
described by Judet et al. [6] in combination with stabilization and
compression of the nonunion site with internal ﬁxation led to bone
union in all of our cases. Our results are consistent with those
obtained when the same technique was  used to treat femoral mal-
union [3]. Judet reported achieving union in 103 nonunion cases,
with three patients requiring a second decortication procedure.
Although this technique has been in use for a long time, it continues
to be effective for treating diaphyseal nonunions [8,9,17,18].
The average delay before surgery in the current study (11
months) was similar to the one experienced by Beckers [18], who
also achieved a 100% union rate (average time to surgery of six
months with range of three to 20 months). Several types of internal
ﬁxation hardware were used in the current study, in part because
of location of the nonunion and in part because of the availability of
materials at our health care facility and the ability of compress the
fracture site. As a consequence, compression plating was used in thefor mid-shaft nonunions of the femur and tibia. Partial, protected
weight-bearing with a pair of crutches induced compression at the
site after IM nailing. Although we  believe Gamma  nails provide
gy: Su
m
u
c
w
r
p
t
w
c
t
n
w
(
a
b
n
t
s
o
g
n
ﬁ
5
b
g
g
t
w
f
r
D
c
R
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[24] Longo UG, Trovato U, Loppini M,  Rizzello G, Khan WS,  Maffulli N, et al. TissueM. Tall et al. / Orthopaedics & Traumatolo
ore solid subtrochanteric ﬁxation, these were not available to
s. As a consequence, we used the Dynamic Condylar Screw (DCS)
onstruct and to invert it to compress the site; however only partial
eight-bearing was allowed because of the construct’s fragility.
Using an Illizarov external ﬁxation also leads to satisfactory
esults [19,20]. Piriou et al. [9] suggested using a medial screw-
late to ﬁx tibial nonunions after failure of the initial IM nailing
reatment. Despite good results with treating lower leg nonunions
ith inter-tibioﬁbular grafts [21], we chose to use the decorti-
ation technique because all of the lower leg nonunion cases in
he current study were in the middle third of the bone. Some
ew techniques have been used to treat nonunions such as shock-
ave therapy [22] and addition of bone morphogenetic proteins
BMP) [12] or platelet-rich plasma (PRP) [23,24]. Reamer-irrigator-
spirator (RIA) graft harvesting can also provide good results [11]
ut there are potential complications [25]. However, none of these
ewer methods can be performed in emerging countries because
he materials and equipment are not available.
The range of motion in the joints above and below the nonunion
ite was improved after the surgical treatment, potentially because
f the joint mobilization carried out towards the end of the sur-
ical procedure. However, pronation-supination movements were
ot carried out in anesthetized patients because we  were afraid of
xation failure.
. Conclusion
Nonunion in the shaft of long bones is commonly encountered
y orthopedic surgeons in emerging countries. Despite these sur-
eons having limited means, well-conducted surgery can lead to
ood results when osteoperiosteal decortication is performed, as
his restarts the bone healing process. Our results are consistent
ith those reported for many decades and provide evidence in
avor of using this inexpensive technique in hospitals with limited
esources.
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